Abstract-While the utilization of a two-level voltage source inverter (VSI) with a single dc supply fed ac loads such as ac motor drives, it also causes some problems, among which the common-mode voltage (CMV) cannot be ignored in drive systems, the mitigation or zero CMV control is necessary for proper operation. This paper proposes a discontinuous space vector modulation (SVM) technique to eliminate the CMV of a dual two-level VSI with two isolated dc supplies fed open-end load applications. This technique uses five-segment switching sequence design with centralizing PWM scheme to generate the discontinuous modulating waves for both inverters, resulting in reduces the step and peak value of the CMV of each inverter and also is that it can cancel the CMV at the open-end load to zero. Simulation results validate the effectiveness of the proposed technique.
INTRODUCTION
In view of the two-level voltage source inverter (VSI), it has been incessantly important and extensively available for long-term industrial applications, such as adjustable speed drives, renewable energy conversions, power conditions, and power protections, etc. In spite of its uncomplicated and flexible circuit structure and control algorithms, there runs into some problems itself. One fundamental problem is the induced common-mode voltage (CMV), especially in the loads of motors, resulting in the electromagnetic interference (EMI), shaft voltage, bearing currents, leakage current, and so on, which influence a high stress and temperature in machine, undesirable losses, and finally the early mechanical failure [1] .
There are two typical group methods of solving the aforementioned problem. The first one is the hardware solutions, such as the additional RLC filter equipment method proposed in [1] . This is difficult to the design of the parasitic elements due to a high order system and it is an inflexible method. Another one is the software solutions, such as pulsewidth-modulation (PWM) modification methods reviewed in [2] . Among these methods, they are able to achieve more saving cost and sizing, and also more flexible procedure in comparison to its counterpart. Although all the hardware and software solutions for the two-level VSI system can suppress the CMV in the loads, they are not able to completely eliminate the CMV anyway. Hence, the CMV still exists and also impacts on the electrical machine load.
Removing the CMV in the desirable loads [3] , there are two structures of the dual two-level VSI fed open-end loads. Structure of the single dc source is applied. According to its 
, , advantage of only one dc source/front-end rectifier stage consuming, the zero-sequence voltage is however appeared in the load/motor, which leads to the zero-sequence current through the motor creating the distortion and increasing of the root mean square (RMS) value of the output current. Therefore, the two isolated dc source structure is introduced to prevent the zero-sequence component flow through the motor. In [4] , a remarkable continuous space vector modulation (CSVM) technique for the dual two-level VSI with two isolated dc supplies fed open-end loads is proposed. However, the number of the switching is very high, as double as compared with the traditional systems [1] and [2] . This paper presents the discontinuous SVM (DSVM) technique for the dual two-level VSI with two isolated dc supplies fed open-end loads, as shown in Fig. 1 . This is done by using only six active voltage vectors and a zero voltage vector for arrangement in the concept of five-segment switching sequence with centralizing PWM scheme. The major contribution of this paper is to entirely eliminate the CMV at the open-end loads. The other goals are to reduce the switching number, which can reduce the switching loss from [4] , and lastly reduce the step and peak value of the CMV of each inverter, which can reduce the CM current as well. 
V
and the posterior terminal is namely inverter 2. According to the figure, the following terms of the three-phase output voltages are
where AO V , BO V , CO V are the pole voltages for phases A, B, and According to (1) , the phase output voltages of the open-end loads are generated by the interactive operation between dual two-level VSIs. Therefore, based on the principle of the CMV in the single two-level VSI systems, the CMVs of the dual two-level VSI fed open-end loads can be formulated by On the basis of the two-level SVM scheme, using (1) into
, there are 64 possible voltage space vectors for the dual two-level VSIs, as shown Fig. 2(a) . Out of these voltage vectors, the seven medium voltage vectors (see the red lines), which provide the zero for the CMV of the open-end loads, are used in this paper. In addition, as separately shown in Figs. 2(b) and 2(c) for inverters 1 and 2, the dual two-level VSIs are operated by shifting phase 120°. After obtaining the desirable seven voltage vectors, they are subsequent to the proposed DSVM switching sequence design using the five-segment concept, as shown in Fig. 3 . For an example of Sector 1, the inverters 1 and 2 are operated in Sectors I and III, respectively. According to the proposed technique, the number of the switching in three legs for inverters 1 and 2 results in eight, which is reduced by 1/3 from [4] . As expected, the CMVs of inverters 1 and 2 are the same manner as three levels ( 2
DC V ), which can be directly cancelled each other.
III. SIMULATION RESULT AND DISCUSSION
The proposed DSVM technique for elimination of the CMV in dual two-level VSI fed open-end AC loads, as shown in Fig. 1 , is investigated by simulating in Matlab/Simulink environment. In terms of the parameters, the system is carried out by using the open-end three-phase inductive loads R = 20 Ω and L = 20 mH, the two-isolated dc supplies As shown in Fig. 4(a) , the duty cycles of inverters 1 and 2 are clamped 120° per fundamental period with a 120°phase-shift between each other, corresponding to the waveforms of the pole voltage of inverters 1 and 2. This leads to no switching of inverters 1 and 2 for 1/3 of cycle, resulting in the switching loss reduction. In addition, the phase-A output voltage has three voltage levels ( DC V , 0 , DC V − ) along with symmetrical configuration, which cause accordingly balanced and stable three-phase output currents.
The relative frequency spectrum of the pole voltages of inverters 1 and 2 and the phase-A output voltage are shown in Fig. 4(b) . Even though the pole voltages of both inverters have 120° angle displacement, the profiles of their frequency spectrum are similar, which can be pointed out by the identical values of their v THD and peak fundamental components. Besides, the triplen harmonics, such as 3, 6, 9, and so on for low frequency and 60, 60 3, 60 6, ± ± and so on for high frequency, are also generated. However, the phase-A output voltage lacks these triplen harmonics due to its formation, ' ' ' (2) . It can be noted that the proposed DSVM technique is not only able to reduce the switching loss, but also eliminate the CMVs. For a given the open-end winding motor, it results in solving the problems of shaft voltage, bearing currents, and EMI, which further lead to the improvements of the early mechanical failure and the system efficiency. Fig. 6 shows the three-phase pole voltages and the CMVs of both inverters 1 and 2 during one switching cycle for making the comparison between the conventional CSVM [4] (see Figs. 6(a) and 6(b)) and proposed DSVM techniques (see Figs. 6(c) and 6(d)). Observing the pole voltages, it can be concluded that the switching number of the converters with the proposed DSVM technique is eight in total, which can confirm a 33% switching loss reduction from the conventional CSVM technique. In terms of the CMV in each inverter, the proposed DSVM technique reduces the stepwise and peak from 2 reduction, the achieved CMV reduction in each inverter is referred to the mitigation of the RMS value of the CM current.
In order to evaluate the voltage qualities, referring to 
IV. CONCLUSION
In this paper, the DSVM technique based on five-segment switching sequence design is synthesized to eliminate the CMV of the open-end AC loads/motor for the dual two-level VSIs with two isolated dc sources. Apart from this benefit, it is an effective alternative to the reduction of the switching loss by 33%, and also mitigation of the stepwise and peak value of the CMV in each inverter, when compared to the conventional CSVM technique.
